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EX  PERIDENTAL  INVESTIGATION  OF  THE  BASE  PRESSURE  OH  ROUND  CYLINDERS  OF 

/ 

LARGE  ASPECT  RATIO 


V.  N.  Kovalenko,  Y.  S.  Kosorygin,  V.  V.  Shuaskiy 

Behind  the  blunt  base  cf  a body  of  revolution,  located  in  a 
supersonic  gas  flow,  rarefaction  appears.  The  degree  of  rarefaction 
determines  the  aaount  of  base  resistance  - one  of  the  conponents  of 
total  resistance  of  the  body. 


As  is  known,  base  pressure  depends  primarily  on  the  condition  of 
the  boundary  layer  at  the  pcint  of  separation  and  in  the  region 
between  it  and  the  point  of  attachment,  located  on  the  axis  behind 
the  base  section.  Furthermore,  it  depends  cn  the  angle  of  attack,  the 
shape  of  the  body  on  the  whole  and,  in  particular,  the  configuration 
at  the  foundation,  on  tke  aspect  ratio  of  the  body,  condition  of  its 
surface,  on  the  main  parameters  of  incident  flow  - Bach  and  Reynolds 
numbers,  wall  temperature.  At  present  there  are  experimental  data 
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•bout  the  effect  of  different  factors  on  the  base  resistance  of 
bodies  of  revolution  [1].  Mcne  the  less  these  data  do  not  always  nake 
it  possible  to  sufficiently  reliably  calculate  the  value  of  base 
resistance,  particularly  in  those  cases  when  the  shape  of  the 
exaained  body  substantially  differs  froa  the  versions  for  which  the 
experisental  data  are  obtained.  For  exaxple,  the  existing 
experimental  results  and  eaperical  formulas,  evaluating  the  effect  of 
elongation  on  the  anount  of  base  pressure,  are  obtained  only  with 
aoderate  aspect  ratios  (X  ^ 18-20).  In  practice  bodies  of  revolution 
are  applied,  for  exaaple  aeteorological  rockets,  with  aspect  ratios 
double  the  indicated  range.  The  aost  reliable  in  such  cases  remains 
the  aethod  of  direct  aeasureaent  of  the  base  pressure. 

The  experisental  investigation  of  base  pressure  is  conducted  on 
three  aodels  of  bodies  of  revolution  of  moderate  and  very  large 
aspect  ratio.  The  aodels  represent  a ccabination  of  a cylinder  and 
ogive  with  a spire  (Fig.  1)  . 


. 


1 
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Pig.  1.  Aerodynamic  arrangements  of  models. 

The  cylindrical  part  had  aspect  ratio  X,  ■ 10.3  (model  1)  and  32.8 
(models  2 and  3).  Model  3 differed  from  nodel  2 by  the  presence  of 
back  tail  cone. 

The  tests  were  conducted  in  a supersonic  wind  tunnel  with 
dimensions  of  working  area  0.6  X 0.6  n*  at  B numbers  3 and  4;  Rem 
numbers  were  36*10*  and  54*10*  respectively. 

Attachment  of  the  models  to  the  a-mechanism  of  the  tunnel  was 
accomplished  with  the  aid  of  an  arrow-like  side  holder  (Pig.  2) . 


Pig.  2.  Diagram  of  installation  of  the  model  in  the  wind  tunnel. 

The  small  diameter  of  the  base  section  of  tie  models  (25  and  20.9  mm) 
eliminated  the  possibility  of  application  of  a tail  holder.  The  end 
part  of  the  side  holder  had  cylindrical  shape*  its  diameter  was  equal 
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to  the  diaieter  of  aodels  2 and  3.  All  the  todels  were  sectional.  The 
tail  pact  of  the  aodels  aece  fastened  to  the  end  cylindrical  part  of 
the  side  holder  with  the  aid  of  a pneuaatic  joint  and  coupling  bolt. 

This  gave  the  possibility  of  testing  all  the  aodels  on  one  holder. 

(• 

For  decrease  of  the  effect  of  the  side  holder  on  the  base 
pressure  its  thickness  was  selected  the  ainiaua  possible  froa 
conditions  of  strength.  For  increase  of  the  rigidity  of  the  systen 
acdel-holder  relative  to  axis  I,  which  has  significant  value  at  the 
aoaent  of  start  of  the  tunnel,  the  aodel  was  additionally  fastened 
with  the  aid  of  two  wire  traces  0.8  an  in  diaaeter,  going  froa  the 
base  of  the  spire  to  the  windows  of  the  tunnel. 


The  base  pressure  was  aeasured  in  two  autually  perpendicular 
sections.  The  constructicn  cf  the  base  part  of  the  aodel  aade  it 
possible  to  turn  the  rows  of  drainage  holes  around  the  axis  of  the 
aodel  within  ♦-45°  with  15°  pitch.  For  aeasureaent  and  recording  of 
the  pressure  group  recording  pressure  gauges  (GRH)  were  applied  with 
liaits  of  aeasureaent  ♦-1C0C  kg/a*  (precisicn  class  0.5).  Then 
pressure  coefficients  were  coaputed 


were  p,  - pressure  in  i point  of  the  bottoi  section;  pm  - static 


P: 


ire  of  undisturbed  flow;  qm  - dynanic  pressure.  The  pressure 
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distribution  obtained  in  tests  turned  out  tc  be  virtually  constant 
along  the  diaaetral  sections  of  the  base  section  with  change  of 
relative  radius  r froa  0 to  ♦- 0.93  and  not  depending  on  angle  * 
(angle  of  plane  of  aeasureaent  with  plane  iz,  Fig  3). 


Fig.  3.  Distribution  of  coefficient  of  base  pressure  along  the  bottom 
of  the  aodel. 

These  data  are  confiraed  by  the  results  of  aeasureaents  of  base 
pressure  presented  in  [2]  with  the  presence  of  turbulent  boundary 
layer  at  the  point  of  separation. 

lith  |7| >0.93  the  pressure  coefficient  p(  with  respect  to 
absolute  value,  apparently,  is  decreased.  If  we  take  p\  constant 
alcng  the  section  with  0<|r]<l  and  egual  tc  its  average  value  ^ 
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Kith  0<|r1<  0.  93,  then  the  coefficient  of  lasc  resistance 


where 


Cu  ■ — ptp5, 


Pig.  4 shows  experimental  values  of  Cu  for  three  aodels. 


Fig.  4.  Coefficient  of  base  resistance.  Comparison  of  experiment 
(models  1-3)  with  data  of  work  [ 2]. 


With  moderate  aspect  ratios  they  agree  well  with  the  data  of  other 
works  [2].  Increase  of  the  aspect  ratio  of  the  cylindrical  part  K 
from  10.3  to  1,  « 32.8  leads  to  decrease  of  the  base  resistance  at  n 
* 3 and  4 respectively  by  12  and  6 o/o,  i.e.,  with  increase  of  N 
number  of  incident  flow  the  effect  of  aspect  ratio  becomes  less 
significant.  This  result  qualitatively  agrees  with  the  physical 
concepts  about  the  method  of  base  pressure  and  is  confirmed  by  data 
of  Pig.  5,  on  which  is  seen  the  effect  of  dimensionless  thickness  of 


DOC  * 0954 


PAGB  7 


the  boundary  layer  on  the  base  pressure  with  different  (J  numbers 
(according  to  work  [1]  and  cur  tests). 


Fig.  5.  Belationship  between  the  magnitude  cf  base  pressure  and 
dimensionless  thickness  of  the  boundary  layer. 

let  us  note  in  conclusion  that  the  presence  of  a tail  cone 
(model  3)  decreases  the  absolute  value  of  tie  coefficient  of  base 
pressure  approximately  5 o/c. 

Institute  of  theoretical  and  applied  mechanics  cf  SO  AH  USSR, 
Novosibirsk. 
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